Early adenovirus type 3 cytoplasmic polyadenylated RNAs from HeLa and BHK-21 cells were detected and mapped on the viral genome by gel blotting and hybridization techniques. The sizes and locations of the 16 adenovirus type 3 RNAs were identical in the two cell types, although relative molarities of the various RNA species differed. Each of the early adenovirus type 3 RNAs was associated with polysomes in both cell types, suggesting that the abortive infection of hamster cells does not result from a defect in early adenovirus type 3 mRNA biosynthesis. No RNAs from regions transcribed late in infection of permissive cells were detected in BHK-21 cells.
Early adenovirus type 3 cytoplasmic polyadenylated RNAs from HeLa and BHK-21 cells were detected and mapped on the viral genome by gel blotting and hybridization techniques. The sizes and locations of the 16 adenovirus type 3 RNAs were identical in the two cell types, although relative molarities of the various RNA species differed. Each of the early adenovirus type 3 RNAs was associated with polysomes in both cell types, suggesting that the abortive infection of hamster cells does not result from a defect in early adenovirus type 3 mRNA biosynthesis. No RNAs from regions transcribed late in infection of permissive cells were detected in BHK-21 cells.
The infection of rodent cells with the oncogenic class A or class B adenoviruses is abortive, resulting in no viral DNA synthesis and yielding no infectious virus (19) . Adenovirus type 12 (Adl2), a class A adenovirus, adsorbs to and penetrates hamster cells but fails to synthesize viral DNA (20) . These observations indicate that adenovirus multiplication is blocked either in early gene expression or directly at the level of DNA replication, and it has been suggested that nonpermissive cells lack a function essential for these processes. Adl2 DNA synthesis has been detected in hamster nuclei after infection of heterokaryons produced by fusion of hamster and human cells (25) and in mouse-human hybrid cells (4) . This system, in which the nature of a possible missing function in nonpermissive cells can be studied, is made more intriguing by the fact that class C adenoviruses, such as adenoviruses types 2 and 5, can initiate viral DNA synthesis and produce infectious virus in hamster cells (19, 26) .
Several reports have suggested restriction of early adenovirus mRNA biosynthesis in hamster cells. By competition hybridization, Raska and Strohl (17) found that about 60% of the RNA sequences transcribed in the lytic system are present in Adl2-infected BHK-21 cells. Hybridization of labeled restriction fragments of Ad12 to mRNA indicated that some sequences from each of four early gene regions were missing from stable mRNA populations in BHK-21 cells (16) .
In this report, early cytoplasmic RNA produced in human and hamster cells by the class B adenovirus type 3 (Ad3) was identified and mapped by gel blotting and hybridization procedures to determine whether any specific early mRNA fails to be synthesized in hamster cells. Our approach was to purify cytoplasmic RNA from Ad3-infected cells, select polyadenylated RNA, denature the RNA with glyoxal, subject the RNA to electrophoresis in 1.2% agarose gels, and transfer the RNA to diazobenzyloxymethyl paper (1, 13, 15, 23) . Ad3 restriction fragments were purified from agarose gels by electroelution, labeled with 32P by nick translation, and hybridized to the RNA-paper (7, 14, 18, 22, 24) . Hybridization was detected by autoradiography. No hybridization to RNA from uninfected cells was detected.
For identifying early Ad3 RNA in human cells, HeLa cells were infected with Ad3 (10 PFU per cell) and incubated in medium containing 20 ,ig of cytosine arabinoside per ml for 8 h after infection, and RNA was extracted and selected for polyadenylation. Hybridization with the SmaI restriction fragments between 0 and 77.9 map units, XbaI-C', and XbaI-D revealed at least 16 distinct Ad3 RNAs early after infection (Fig. 1) . Using additional Ad3 restriction fragments, we mapped the coding sequences of these early Ad3 RNAs. The results of these hybridizations were consistent with the existence of four early gene regions, as has been observed with other adenoviruses (Fig. 2) (2, 3, 6, 12, 16) .
Early region 1 (El) contained 2. The direction of transcription of each early region was deduced by comparing the hybridization of two specific cDNA's to restriction fragments subdividing each early region (Table 1)  - and determining the 5' or 3' sequences of each region. cDNA was synthesized to polyadenyla-I ted RNA purified from cytosine arabinosidetreated HeLa cells 8 h after infection (8, 9) . Oligodeoxythymidylic acid-primed cDNA contained primarily 3' sequences. Calf thymus oligodeoxynucleotide-primed cDNA contained sequences representative of the entire RNA molecule (21) . This analysis demonstrated that E2 and E4 RNAs were transcribed leftward. El and E3 RNAs were transcribed rightward. For determining the Ad3 RNAs synthesized in hamster cells, polyadenylated RNA was purified from serum-arrested BHK-21 cells 16 h after infection (50 PFU per cell) and analyzed as described above (Fig. 3) ified from Ad3-infected BHK-21 cells and from cytosine arabinoside-treated HeLa cells at various times after infection and analyzed as described above (Fig. 4) . Each of the 16 Ad3 RNAs in BHK-21 cells comigrated with the corresponding early Ad3 RNA purified 8 h after infection, confirming the identity of sizes of Ad3 RNAs in both cell types. With the exception of E2 RNAs, the relative molarities of the Ad3 RNAs did not change during the course of infection, indicating that the observed differences in abundances were determined by the cell type.
The following two differences were observed between Ad3 RNAs purified 8 and 16 h after infection of cytosine arabinoside-treated HeLa cells: (i) a 3.4-kb RNA, containing sequences from both ElA and E1B, was detected only at 16 h after infection; and (ii) the 1.8-kb E2 RNA observed in HeLa cells at 16 h after infection migrated slightly faster than the 1.8-kb RNA observed at 8 h after infection.
For determining if the early Ad3 RNAs function as mRNA's, polysomal RNA was purified from Ad3-infected HeLa and BHK-21 cells (5) and analyzed as described above. All of the early Ad3 RNAs were polysome associated, suggesting that all of the early cytoplasmic polyadenylated Ad3 RNAs can function as mRNA's in both HeLa and BHK-21 cells.
We found that all early Ad3 RNAs detected in HeLa cells were also detected in BHK-21 cells and associated with polysomes. Although this analysis is limited by the resolution of mRNA in the gel system (for example, we could not resolve two ElA species), our findings suggest that the abortive infection of BHK-21 cells by Ad3 did not result from a lesion in biosynthesis of the predominant early mRNA's.
The complete lack of Ad3 DNA synthesis in hamster cells cannot be adequately explained by the observed differences in mRNA molarities. The largest difference was only threefold, observed in E3, and we know that much of the Ad3 (16, 20) . Cell-free translation of Adl2 mRNA from hamster cells produced some, but not all, of the early gene products (10) . These observations may represent real differences between Adl2 and Ad3 abortive infections but more likely reflect differences in the methods used.
Two alternative hypotheses about the cause 
